A substrate-assisted concerted mechanism for aminoacylation by a class II aminoacyl-tRNA synthetase.
Aminoacyl-tRNA synthetases (aaRS) join amino acids to their cognate transfer RNAs, establishing an essential coding relationship in translation. To investigate the mechanism of aminoacyl transfer in class II Escherichia coli histidyl-tRNA synthetase (HisRS), we devised a rapid quench assay. Under single turnover conditions with limiting tRNA, aminoacyl transfer proceeds at 18.8 s(-)(1), whereas in the steady state, the overall rate of aminoacylation is limited by amino acid activation to a rate of 3 s(-)(1). In vivo, this mechanism may serve to allow the size of amino acid pools and energy charge to control the rate of aminoacylation and thus protein synthesis. Aminoacyl transfer experiments using HisRS active site mutants and phosphorothioate-substituted adenylate showed that substitution of the nonbridging Sp oxygen of the adenylate decreased the transfer rate at least 10 000-fold, providing direct experimental evidence for the role of this group as a general base for the reaction. Other kinetic experiments revealed that the rate of aminoacyl transfer is independent of the interaction between the carboxyamide group of Gln127 and the alpha-carboxylate carbon, arguing against the formation of a tetrahedral intermediate during the aminoacyl transfer. These experiments support a substrate-assisted concerted mechanism for HisRS, a feature that may generalize to other aaRS, as well as the peptidyl transferase center.